Direct, determination of trace chemical species in solids is a fundamental analytical problem. The need to measure trace and ultra-trace concentrations of species in solids requires a method that is free of matrix effects and can be carried out with minimal contamination. Sputter Initiated Resonance Ionization Spectroscopy (SIRIS) is such a method, allowing a minimum of chemical pretreatment, the chief source of contamination, and providing a highly selective and sensitive measure- The principal results to be reported here come from using SIRIS to investigate the spatial distribution of trace elements in specially fabricated crystals or devices. Since the ion beam is pulsed (at 30 Hz and with I microsecond duration) during a measurement, only about an equivalent monolayer of material is sputtered away, and the analysis pertains strictly to the surface. However, use of the unpulsed beam can remove material rapidly (ion milling), and thus provide a profile of the element being measured with depth into the sample. Figure I shows a SIRIS depth profile measurement of silicon-29 implanted into gallium arsenide. The SIRIS measurements were normalized to the known peak concentration of 5>X 10 atoms/cm 3 and the depth scale was calibrated by measuring the sputtered crater with a Dektak profflometer.
Direct, determination of trace chemical species in solids is a fundamental analytical problem. The need to measure trace and ultra-trace concentrations of species in solids requires a method that is free of matrix effects and can be carried out with minimal contamination. Sputter Initiated Resonance Ionization Spectroscopy (SIRIS) is such a method, allowing a minimum of chemical pretreatment, the chief source of contamination, and providing a highly selective and sensitive measurement of essentially any element. SIRIS is an ultrasensitive analysis technique which uses an energetic ion beam to sputter a solid sample and Resonance Ionization Spectroscopy (RIS) to selectively and efficiently ionize neutral atoms of the element of interest in the atomized cloud. RIS The principal results to be reported here come from using SIRIS to investigate the spatial distribution of trace elements in specially fabricated crystals or devices. Since the ion beam is pulsed (at 30
Hz and with I microsecond duration) during a measurement, only about an equivalent monolayer of material is sputtered away, and the analysis pertains strictly to the surface. However, use of the unpulsed beam can remove material rapidly (ion milling), and thus provide a profile of the element being measured with depth into the sample. Figure I shows a SIRIS depth profile measurement of silicon-29 implanted into gallium arsenide. The SIRIS measurements were normalized to the known peak concentration of 5>X 10 atoms/cm 3 and the depth scale was calibrated by measuring the sputtered crater with a Dektak profflometer.
The profile is compared to LSS theory [2] and shows good agreement at depths near the peak concentration. At larger depths the agreement is poorer, the measurement showing higher concentrations than predicted by theory. This has been explained by Shepherd [3] to be the result of channeling of the Si during implantation. He was able to avoid this effect by amorphising the gallium arsenide crystalline material before implanting. Our samples were not pre-amorphised and channeling was possible. Backgrounds near I X 105 atoms/cm' were demonstrated.
The matrix independence feature makes SIRIS highly desirable for the analysis of layered materials where measurements are made as a function of depth and the analysis proceeds from one material through an interface into an adjoining material. A layered sample of gallium arsenide and aluminum gallium arsenide, (GaAs/AlGaAs/GaAs), grown by MBE and doped with silicon, was depth profiled with SIRIS. Figure 2 shows the makeup of the sample and a measurement of the aluminum concentration versus depth. This indicates a 150 A depth resolution, consistent with the 10 keV argon ion beam used for sputtering. The depth scale was determined with the profilometer and the aluminum measurement shows that the position of the aluminum layer is in agreement with the stated composition. Figure 3 shows the depth profile of the silicon dopant in this sample. The silicon concentration in the top layer of GaAs was determined electrically, based on the sum of the N and P type carriers, to be 2X 0's atoms/cm'. The electrical concentration is known to be different from the physical concentration, but the ratio of the physical concentration in the GaAs and AlGaAs layers was known from the MBE parameters to be 0.77. The ratio of the silicon concentrations in the AlGaAs layer to that in the GaAs layer was found to be 0.77 which was fortuitous since the SIRIS measurements have a precision of about 10%. The profile indicates that the silicon concentration changes at a depth consistent with the position of the interface indicated in the stated composition, and no discontinuities in the signal were observed at the interface.
The data of table 1 illustrate a different kind of analytical problem in a solid sample, the determination of a trace constituent, not in a simple, macroscopically homogeneous sample, but in a complex, heterogeneous mess, an unseparated soil or ore sample. Since admixture with graphite was used to reduce sample charging in the soil/ore samples, one set of measurements was made on graphite itself. It is clear that the absolute signal from (one isotope of) the uranium cannot be used to quantify the composition; the signal varies by about a hundred-fold over the three types of samples. However, an internal standard can be used satisfactorily, as evidenced by the nearly constant relation between the as-prepared and measured isotope ratios. 
